The atrioventricular valve is the most commonly repaired valve of the heart. Interventional procedures like annuloplasties, valvotomy/valvuloplasty, repair/replacement of the valve for regurgitation or prolapse are increasing by the day. This necessitates a clear understanding of the mitral valve anatomy. The present study is an attempt to revisit the anatomy of mitral valve. The present study was conducted on 34 adult embalmed heart specimens. Based on the newly defined criteria, observations were made on: 1) Number of commissures and their positions, 2) Number and position of leaflets, 3) Number and position of minor commissures, 4) Annular circumference (AC), 5) Length of annular attachment of each leaflet (LAA), 6) Maximum width of coapted/ folded margin (FM) of the anterior and posterior leaflet, 7) The surface area of each leaflet (SA). The observations were analyzed statistically. The findings of the present study and the subsequent statistical analysis offer a dynamic concept of the anatomy of mitral valve leaflets. It suggests that the valvular anatomy depends upon a complex interplay of various valve components. The extra leaflets tend to occur when annular circumference increases and is not appropriately compensated by various valvular elements. The different methodology adopted in the present study and the interpretations deduced hereupon, shall dispel the existing ambiguities in the description of the leaflets and improve our understanding of the structure and function of the mitral valve complex.
INTRODUCTION
The atrioventricular (mitral) complex is composed of several elements namely: annulus, leaflets, tendinous cords and papillary muscles (Sinnatamby, 1999; Fuster et al., 2004; Standring et al., 2005) . Most important of these elements are the leaflets. Since the times of Andres Vesalius the mitral valve has been presumed to have two leaflets and hence called bicuspid valve. Subsequent workers have followed this conventional nomenclature of the mitral valve leaflets. However, in recent times, divergent views have been reported regarding the number and morphological description of these leaflets (Anderson & Kanani, 2007) . This has resulted in ambiguity regarding the morphology and nomenclature of leaflets (Standring et al.) . This ambiguity is mainly a result of different criteria being used to define the valve morphology. The present study proposes to characterize the leaflet morphology of mitral valve in Indian subjects. Knowledge of the leaflets and their annular attachment is necessary for operative procedures like mitral valve annuloplasties.
MATERIAL AND METHOD
The present study was conducted on thirty four adult hearts procured from the collection of embalmed cadavers available in the department of Anatomy. Since the heart specimen were already removed from the cadaver before the commencement of the study, the sex could not be ascertained. Hearts with any grossly identifiable anomaly and calcific mitral valves were excluded from the study. Hearts were cleaned and cleared from any clots within the chambers. The left atrium and the left ventricle were opened. Annular attachment of the leaflets was ascertained by palpating the annular ring. The attached margin of the valve leaflets was cut along the annular ring. The papillary muscles were cut at their bases to remove the valve leaflets along with chordae tendinae and papillary muscles.
The annular circumference was measured with the help of a thread and ruler. Other measurements were obtained as follows:
The atrial side of the leaflets in closed position of the valve was opposed to a transparent glass plate placed horizontally. The annular margin, the free margin of the leaflets and the commissures between the leaflets were marked with a marker pen over the glass plate. These markings were then transferred over a translucent butter paper by keeping the paper over the glass plate. Following observations were recorded from each mitral valve tracing: 1) Number of commissures and their positions: The commissures were defined as major and minor based on following criteria: · Commissures (com) are any indentation in the free margin of the valve. · Major commissures-indentation more than 2/3 of maximum width of the larger of the two adjacent leaflets. · Minor commissures---indentation between 1/3 to 2/3 of maximum width of the larger of the two adjacent leaflets.
2) The number and position of leaflets was noted. A leaflet was defined as part of valve situated between two major commissures.
3) Number and position of minor commissures in each leaflet was also observed. A scallop was defined as a part of leaflet separated out from the main leaflet by a minor commissure. 7) The surface area of each leaflet (A-SA for anterior and P-SA for posterior) was calculated by using a digital planimeter. The observations were analyzed statistically. Different study variables were correlated to find out the relationship between them.
RESULTS
The long axis of the mitral valve orifice was almost vertical in anatomical position of the heart. In such position the larger (anterior) was positioned to the right side and the smaller (posterior) was positioned to the left side of the orifice respectively. The anterior leaflet was semicircular while the posterior leaflet was crescentic in shape (Fig. 1) . In majority of heart specimen two leaflets were observed, separated by two major commissures (Fig. 1) . One extra leaflet was observed in five heart specimen ( Fig. 2) and two in three heart specimen ( Fig. 3) . In cases of one extra leaflet, the additional major commissure was positioned in either the upper third (3 hearts) or the lower third (2 hearts) of the annular attachment of the posterior leaflet. In cases of two extra leaflets, the major commissures were positioned in the upper and lower thirds of the posterior leaflet attachment.
Single minor commissure was observed in 9 hearts and 2 in 7 heart specimen. Out of all minor commissures observed, 10 were positioned in upper third, 3 in middle third and 10 in lower third. Thirteen hearts had neither any extra major commissure, nor any minor commissures. The folded margin showed great variability. In 3 heart specimen no evidence of folding of the free margin of leaflets could be observed.
The proportion of length of annular attachment of anterior and posterior leaflet was more than 2:3. The surface area of the anterior leaflet was 1.6 times more than the posterior leaflet (Fig. 4) (Table I) . To study the interrelationship of different study variables bivariate correlation analysis was done using statistical software SPSS 20 (Table II) .
Following interpretations were deduced after studying the correlation coefficients between different study variables: Number of extra leaflets showed: i) Positive correlations with AC and P-LAA ii) Negative correlation with A-LAA, A-SA and minor commissures number. iii) Statistically significant, strong negative correlation with P-SA. Extra leaflet area showed: i) Moderate positive correlation with P-LAA, P-SA, A-SA ii) Slight negative correlation with AC and minor commissures number P-SA and A-LAA showed moderately strong, negative correlation with major commissures number.
To eliminate the effect of confounding variables, partial correlations were obtained between selected study variables, keeping the confounding variable as control (Table III) . Table I . Showing descriptive statistics of all study variables.
* Correlation is significant at the 0.05 level (2-tailed). ** Correlation is significant at the 0.01 level (2-tailed). 
DISCUSSION
Study of mitral valve leaflets in the present work was conducted in opposed position of the valve as observed from the atrial aspect. Authors believe that this description is more close to the real life visualization of the valve by clinicians. As against the conventional description of the morphology and morphometry of the valve in open position by anatomists the present study clearly delineates the operational area and the folded margin of the valve.
The conventional descriptions of the valve leaflets as anterior and posterior are also misnomers. The leaflets were more aligned towards right and left separated by a near vertical orifice. The anterior leaflet was semicircular while posterior was crescentic. Quill et al. (2009) also disapproved the use of the terms anterior and posterior leaflets as these were based upon examination of a specimen in the so-called "valentine" position, with the heart oriented such that the interventricular septum is parallel to the long axis of the body, with the apex positioned inferiorly and not in the anatomical position.
Anderson & Kanani in their critical analysis of mitral valve have discussed the various descriptions about the variability in number of leaflets and conclude that interpretations may vary depending upon criteria used to define them. The criterion used, in the present study, for delineating different leaflets differs from that of previous studies. Previous studies have utilized i) attachment of chordae tendinae arising from apex of papillary muscle (Victor & Nayak, 1995, Anderson & Kanani) , and ii) type of chordae . Both these criteria are not dependable due to great variability of papillary muscle (Rusted et al., 1952 , as quoted by Ho, 2002) and chordae Becker & de Witt, 1980 , as quoted by Anderson & Kanani). Lalwani et al. (2010) , have described the mitral valve to be like a veil around the mitral orifice whose free margins show indentations, the anterolateral and posterolateral commissures dividing it into anterior and posterior leaflets.
The criterion used in present study was based on indentation of valve leaflets. This criterion was formulated with the contention that deeper indentations increase independence in functionality (movement of leaflets) and hence can be appropriately called extra commissures delineating extra leaflets. Although, descriptions of such deep indentation do exist, especially in clinical literature (Fuster et al.; Anderson & Kanani) and have also been implicated in causation of mitral valve prolapsed in a recent study (Ring et al., 2013) The present investigation suggests a dynamic concept of mitral valve leaflets. It suggests the number of leaflet may vary depending on the annular circumference and the interplay of various components and parameters of different cusps of mitral valve. This interpretation is deduced from statistical analysis of morphometry of valve leaflets as follows. The proportion of lengths of attachment of anterior and posterior leaflet was more than 2:3 as against 1:2 described by Ho and Fuster et al. Available literature suggests that surface area of both the leaflets is equal (Fuster et al.) . However in opposed position of valve, as observed in present study, the surface area of anterior leaflet was 1.6 times more than the posterior leaflet. The present investigation suggests that extra leaflets tend to occur when annular circumference increases. This increase in annular circumference, if not compensated by proportionate increase of A-LAA and hence A-SA, increases the chances of formation of extra leaflets. Increase in annular circumference may also be compensated by increase in P-LAA and P-SA and formation of minor commissures in posterior leaflet (to compensate for movement compromised by increase P-LAA). If P-LAA and P-SA do not increase proportionately and minor commissures do not appear, then there are increased chances of occurrence of extra leaflet. However the strength of correlation of annular circumference is stronger with anterior leaflet (A-LAA-.575**, A-SA-.623**) as compared to that of posterior (P-LAA .387*, P-SA-.224). An increase in annular circumference is thus expected to show a proportionate increase in anterior leaflet rather than that of posterior. Our contention that anterior leaflet, in cases of increased annular circumference, is stronger determinant of occurrence of extra leaflet, is well reflected in a stronger negative correlation with number of leaflet.
CONCLUSIONS
The orifice of the mitral valve is almost vertical in anatomical position and the so called anterior and posterior leaflets are oriented to the right and left of the orifice.
The proportion of length of annular attachment of anterior and posterior leaflet was more than 2:3. In opposed position of valve, the surface area of anterior leaflet was 1.6 times more than the posterior leaflet.
Around two third heart specimen (21/34) showed presence of an extra major commissure or a minor commissures giving rise to extra leaflets or scallops respectively.
Around 15% heart specimen showed presence of extra leaflet. 
RESUMEN:
La valva atrioventricular es la valva más comúnmente reparada del corazón. Los procedimientos intervencionistas como anuloplastías, valvotomía/valvoplastía, reparación/reemplazo de la valva por la regurgitación o prolapso están aumentando día a día. Para ello, se requiere una clara comprensión de la anatomía de la valva atrioventricular. El presente estudio intenta volver a examinar la anatomía de la valva atrioventricular. Se estudiaron 34 corazones de adultos embalsamados. Sobre la base de los criterios definidos, se realizaron las siguientes observaciones: 1) número de comisuras y sus posiciones, 2) número y localización de los velos, 3) número y localización de las comisuras menores, 4) circunferencia anular (AC), 5) longitud de la unión anular de cada valva (LAA), 6) ancho máximo del margen de coaptación/margen velar (FM) de los velos anterior y posterior y 7) área de superficie de cada valva (SA). Las observaciones fueron analizadas estadísticamente. Los resultados del presente estudio y el análisis estadístico ofrecen un concepto dinámico de la anatomía de la valva atrioventricular. Se sugiere que la anatomía de las valvas depende de una interacción compleja de varios de sus componentes. Los velos adicionales tienden a aparecer cuando aumenta la circunferencia anulares y no se compensa adecuadamente por diversos elementos valvares. La diferente metodología adoptada en el presente estudio sus interpretaciones, podrían disipar ambigüedades existentes en la descripción de las valvas y mejorar nuestra comprensión de la estructura y función del complejo de la valva atrioventricular.
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